Objective: The aim of this study was to evaluate systematically the effect of tissue load, its amplitude, time of intermittence and duration of loading on the biosynthesis and release of fibronectin by intermittently loaded mature bovine articular cartilage explants.
Introduction
ARTICULAR chondrocytes are capable of successfully maintaining the articular cartilage throughout life under the rapidly changing pressure conditions found in diarthrodial joints. In vivo investigations of cartilage response to altered patterns of joint loading have included models of surgically-induced instability and altered physical activity ranging from immobilization to strenuous physical exercise [1] [2] [3] . These in vivo studies have provided strong evidence that mechanical factors can induce changes in the composition, cartilage explants resulted in an increased, decreased or unaffected proteoglycan and protein biosynthesis [1, 2, [10] [11] [12] [13] [14] [15] [16] .
In addition, the effects of compressive loading on the synthesis of specific proteins such as fibronectin has been studied [10, 12, 16] . This glycoprotein interacts with a number of other matrix constituents and forms a fibrillar network within the extracellular matrix. One important function of fibronectin is its apparent contribution to matrix assembly through interactions with other matrix constituents, such as proteoglycans, hyaluronic acid, type II collagen and thrombospondin [17, 18] . The content of fibronectin is strikingly increased in osteoarthritic lesions in both spontaneous and surgically-induced animal models of osteoarthritis, and also in a rabbit model of rheumatoid arthritis [18, 19] . Increased amounts of fibronectin have been reported in synovium and synovial fluids [20, 21] of patients with rheumatoid arthritis and osteoarthritis, confirming the relevance of fibronectin in human disease. Recent studies [22, 23] describing structural differences in cartilage and in synovial fluid fibronectins, when compared with plasma fibronectin, suggest that the accumulated fibronectin is produced locally within the joint. Previous studies [18, 24, 25] show that cartilage explants do synthesize fibronectim that abnormal cartilage of osteoarthritic joints produce up to five times more fibronectin than disease-free cartilage, and that explants of deteriorating cartilage retain a greater portion of newly-formed fibronectin. In addition, these investigations demonstrated that elevated fibronectin content is an early feature in osteoarthritis. The mechanism for this accumulation and the function of fibronectin in the initiation and progression of osteoarthritis is not known.
One of our long-term objectives is to manipulate initially disease-free cartilage explants in such a way, that it induces a degenerative metabolism and morphology similar to that seen in osteoarthritic cartilage. In this line, the purpose of this study was to measure systematically the effect of load amplitudes, frequencies and load durations of intermittently applied mechanical pressure on the synthesis, release and content of fibronectin by cultured mature articular cartilage explants using a novel mechanical loading apparatus.
Materials and Methods

MECHANICAL LOADING APPARATUS
The mechanical loading apparatus was designed and constructed to load living cartilage explants over extended time periods under sterile conditions. The apparatus consists of a computerized control unit positioned outside the CO2 incubator and a mechanical device with six air-powered loading chambers designed to be small enough to fit within a normal bench-top incubator. Eight vents are incorporated into the upper part of one chamber to allow exchange with the incubator air under sterile conditions using 10-mm diameter porous glass filters with a 0.4 p porosity (Fig. 1) . A loading chamber consists of two sections (Fig. 1 ). An upper section contains the pneumatic cylinder connected to a load platen holder, and a lower section houses a removable specimen holder, which is made out of surgical grade titanium to ensure tissue biocompatibility and to avoid corrosion of the device. The specimen holder has a 14-mm diameter hole placed in the center for one cartilage explant. 1 . Schematic drawing of one loading chamber. The cartilage explant is mechanically loaded using a porous load platen connected to a load platen holder and an air cylinder. Compression of cartilage during loading increases linearly the distance between the sensor and the target of the load displacement transducer system, and therefore enables the calculation of the ~ maximum strain of explants. Eight vents are incorporated to allow exchange with the incubator air under sterile conditions. diameter cartilage explants within this hole is restricted to a 10-mm diameter area by a toothed ring (Fig. 1) .
The 10-ram diameter porous load platen is made out of glass to ensure tissue biocompatibility, and has a porosity of 100 p. Through a servo-controlled, electropneumatic proportional valve, air is pumped into the stainless steel air cylinder causing the movement of the load platen holder with the load platen down to the cartilage (Fig. 1) . The position of the load platen holder, respectively load platen, is determined by the application of two simultaneous forces, a spring pushing them upwards and a constant, basal offset load, applied together with the cyclic load. Cartilage explants are therefore not statically compressed by the weight of the load platen holder with its load platen.
The control unit consists of an IBM-type personal computer and a data aquisition system. Using a feedback circuit the control unit processes the impulses from the load cell, positioned next to the valve, and triggers the valve. The load displacement transducer system (PAD 1253, Electro Corp., Sarasota, U.S.A.), with its sensor being incorporated within the loading chambers ( Fig. 1) , measures the displacement of articular cartilage under load with a precision of + 10 pm, and transmits all values to the data acquisition system where they are processed, subsequently stored on a hard disk, and plotted on a monitor with the applied load data.
INTERMITTENT MECHANICAL LOADING
Under sterile conditions, two macroscopically healthy, full-thickness cartilage explants were removed from the weight-bearing area of one metacarpophalangeal condyle of a 18-24 month old steer. Seven-millimeter diameter articular cartilage discs were obtained using a biopsy punch. In order to determine the degree of compression during loading, the thickness of explants was then determined twice in the center of the cartilage using a digital caliper with a resolution of 0.01mm and an accuracy of +_0.02 mm. In independent tests, explant swelling was also measured by determining the specimen thickness after excision and at 30, 60 and 120 rain in culture media. The cartilage discs swelled by 8.9 + 4.7% in 30 min, with no changes afterwards. Cartilage explants were placed into the specimen holders with the articular surface upward. Explants were cultured in 2.5ml Ham's F-12 ~utrient media supplemented with 2.5 mM HEPES, pH 7.2, 30pg/ml a-ketoglutarate, 300pg/ml glutamine, 50 pg/ml ascorbate, 20 units/ml penicillin, 10/~g/ml streptomycin, 485#g/ml CaCI~×2H20 and the serum substitute CR-ITS ÷TM Premix (Collaborative Biomedical Products, Bedford, MD, U.S.A.) as previously described [26] . This medium was further supplemented with 1.0mM Na2S0~ [27] [28] [29] , 2.5 #g/ml amphotericin B and 50 pg/ml gentamycin. The addition of the CR-ITS ÷TM results in final concentrations of insulin, 6.25pg/ml; transferrin, 6.25pg/ml; selenium, 6.25 ng/ml; albumin, 1.25 mg/ml; and linoleic acid, 5.35 pg/ml. The loading device was then positioned into a CO2-incubator (model 3039, Forma Scientific Inc., Marietta, U.S.A.) for 2 h to allow equilibration with the incubators environment (37°C, 5% CO2 and 95% humidity). Intermittently applied, uniaxial cyclic loading was introduced by using a sinusoidal waveform of 0.5 Hz-frequency and a peak stress of 0.1, 0.5 or 1.0 MPa for a period of 1, 3 or 6 days. The cyclic loads were applied for 10 s followed by a period of unloading lasting 10, 100 or 1000 s. During the period of unloading the load platen was lifted from the cartilage surface by reducing the air inlet by 10 N. In experiments, in which cartilage explants were cultured for 6 days, media were changed on day 3. During the final 18 h of the experiments, cartilage explants were radiolabeled with 10tlCi/ml [aH]-phenylalanine. At the end of the loading and radiolabeling period, explants and media were harvested and stored frozen at -20°C in the presence of a 10% (v/v) protease inhibitors mixture containing 0.1mM PMSF, 200 mM EDTA, 5 mM benzamidine/HC1 and 10 mM N-ethylmaleimide until analyzed. Unloaded cartilage discs of the same condyle were cultured in identically constructed loading chambers, and served as controls. The whole experiment was repeated six times.
FIBRONECTIN AND PROTEIN SYNTHESIS
Explants were thawed and allowed to swell to an equilibrium wet weight. Each explant was then weighed wet on an electrobalance (resolution 1 pg) (Satorius GmbH, Dfisseldorf, Germany). Newly synthesized and endogenous fibronectin was extracted from cartilage with 4 M urea in 0.05 M phosphate buffer, pH7.3 containing protease inhibitors [25] . The explants were extracted three times over a period of 2 days with 0.1ml urea solution for each 10 mg wet weight of cartilage. The load platen were also extracted with 4 M urea solution.
[3H]-Phenylalanine-labeled fibronectin was purified from the incubation media and extracts by affinity chromatography, using gelatin coupled to sepharose according to methods of Ruoslahti et al. [30] and Pena et al. [31] . Briefly, fibronectin was recovered from the affinity column by elution with 6 M urea in 0.05 m Tris/HC1, pH 7.4 containing 1 mM phenylmethylsulfonyl fluoride. The urea eluates were aliquoted and counted in a liquid scintillation counter (LS 6000 SC, Beckman Instruments, Mfinchen, Germany). The labeled material was shown to be fibronectin by immunoprecipitation with a polyclonal rabbit anti-bovine fibronectin antibody and sodium dodecyl sulfate polyacrylamide gel electrophoresis (data not shown).
Urea extracts a variety of cartilage proteins in addition to fibronectin. The total amount of ['~H]-phenylalanine incorporated into these proteins was determined by precipitation of diluted media or urea extracts with an equal volume of I N perchloric acid on ice. After 1 h, the precipitates were collected on Millipore filters (0.45 pm) and washed five times with ice-cold 0.25 N perchloric acid. The dried filters were counted in a liquid scintillation counter [25] .
The fibronectin content was determined in the incubation media, cartilage extracts and load platen extracts by use of an enzyme-linked immunosorbant assay (ELISA), as described in detail previously [32] . Briefly, a polyclonal rabbit anti-bovine fibronectin antibody was used to detect fibronectin bound to a gelatin-coated plates. Bovine plasma fibronectin was used as a standard.
CHONDROCYTE VIABILITY
The above described culture conditions were also applied to cartilage explants cultured exclusively for the determination of the viability of chondrocytes within the three different zones of cartilage discs. At the end of the experiments, cartilage explants were washed twice with sterile isotonic PBS. Three cartilage slices were cut perpendicular to the joint surface, each being 50 pm thick. Cartilage slices were placed in a small drop of sterile PBS on a glass slide; 200 pl Ham's F-12 media containing 0.1 mM fluorescein diacetate and 0.3mM propidium iodide were added and subsequently incubated in the dark at 37°C and 95% humidity for 5min. Chondrocytes were viewed using a 450-490 nm excitation filter and a 510 520 nm barrier filter. At two sites of each slice, at least 50 chondrocytes were counted in each of the three chondrocytes layers (superficial, intermediate and deep zone) under a fluorescence microscope (Zeiss, Oberkochen, Germany) using 200-fold magnification [33, 34] .
STATISTICAL ANALYSIS
All experiments were repeated six times. The data obtained from loaded explants were normalized by values from unloaded controls and subsequently analyzed with a one-way analysis of variance (ANOVA) with Tukey's method to compare means. In addition, data from loaded explants were compared with those from unloaded controls using Student's two-tailed paired t-test. Significance was set P _< 0.05.
Results
MECHANICAL LOADING CONDITIONS
The physical and geometric design criteria for the loading chambers include appropriate size and shape, for ease of handling, and housing within a standard COrincubator. All parts of the loading chambers are biocompatible, sterilizable, and are able to withstand a salt environment because they are constructed out of stainless steel, teflon, glass and surgical grade titanium. The environmental design criteria ensure that the loading chambers can withstand corrosion due to the high moisture (95% humidity) within the CO.~-incubator, and that cartilage explants can be cultured under sterile conditions. The device is capable of applying variable mechanical stimuli, including cyclic or static pressure amplitudes, cyclic frequencies, on/off time duration, loading velocities and different waveforms. A load displacement transducer system measures the applied load and the resulting compression of cartilage explants simultaneously.
Our preliminary experiments showed that a sterile environment was maintained within the loading chambers for at least 6 days, as has been observed by the lack of any microbial growth on malt extract agar and blood agar in the presence of unsupplemented Ham's F12 media removed from the chambers after 6 days. Cartilage explants. cultured for 3 days within the loading chambers, kept viable as determined histochemically using the vital stains fluorescein diacetate and propidium iodide (data not shown). Furthermore, the environment within the loading chambers did not affect the fibronectin and protein synthesis of cartilage when compared to explants cultured in standard tissue culture plates. Radiolabeled precursors were incorporated into fibronectin and proteins of cartilage explants cultured within the loading chambers in the same amount as into explants cultured in commercially available tissue culture plates [loading chamber: (a) fibronectin synthesis: 1863 _+ 756 cpm/mg (N= 6), (b) protein Independent from the magnitude of the intermittently applied load, cyclic mechanical pressure on mature articular cartilage slightly but not significantly enhanced the incorporation of radiolabeled precursor into fibronectin and proteins compared with unloaded control cultures (Fig. 2) . Fig. 2 demonstrates that the total endogenous fibronectin, as determined by ELISA in the cartilage extracts, media and load platen extracts, decreased significantly by increasing the magnitude of load applied (ANOVA: P=0.035). Release of newly synthesized fibronectin (Table I) and proteins (data not shown) was unaffected by the applied load amplitudes of intermittent loading. The release of endogenous fibronectin from loaded explants into the nutrient media was significantly decreased compared with unloaded cartilage discs (Table I) . However, there is no statistically significant correlation between the elevation of the maximum pressure and the decrease in the release of endogenous fibronectin (Table I ; ANOVA: P > 0.05).
The time of intermittence significantly modulated the incorporation of radiolabeled precursor into fibronectin and proteins (Fig. 3) (ANOVA: P=0.049). Explants, which were unloaded for 10 or 100 s between each cyclic loading phase, incorporated elevated amounts of [3H]-phenylalanine into fibronectin and proteins. The fibronectin biosynthesis was more specifically affected than the overall protein synthesis since the percentage of newly synthesized proteins being fibronectin was significantly elevated (Table I) . Fig. 3 demonstrates that there is an optimal time period of unloading between each loading phase to reach a maximum stimulation of fibronectin synthesis. The content of endogenous fibronectin was significantly decreased in cartilage explants which were loaded and unloaded for 10 s (Fig. 3) . Reducing the duration of unloading between each loading phase significantly decreased the release of endogenous fibronectin (Table I; newly synthesized proteins found in the media and load platen extracts of intermittently loaded explants (0.5 MPa) unloaded between each loading period for 10, 100 or 1000 s: 0.89 + 0.05"*, 0,91 + 0.06*, 0.97 ± 0.11 respectively; values are normalized by data obtained from unloaded ~t r o l discs, **0.001 < P < 0.01, "0.01 < P < 0.05]. Furthermore, the release of newly synthesized :fibronectin from explants into nutrient media was significantly reduced in cartilage discs, unloaded for 100 s between each loading phase as determined (Table I) . However, ANOVA disclosed that this effect was not dependent on the time of intermittence. Fig. 4 shows t h a t increasing the duration of experiments elevated the biosynthesis of fibronectin and proteins by cartilage explants slightly but not significantly. The percentage of proteins being fibronectin was only significantly elevated in explants loaded for 6 days indicating that the chosen loading protocol specifically affected the fibronectin synthesis (Table I) . A m a r k e d decrease in the content of endogenous fibronectin was found in explants loaded for 1 day compared with unloaded control discs. ANOVA disclosed t h a t this effect is not dependent from the load duration (P > 0.05); no significant difference in the content of endogenous fibronectins was found in cultures of cartilage explants loaded for 3 or 6 days compared with unloaded conditions (Fig. 4) . In addition, the release of endogenous fibronectin from explants into the nutrient media was compared with the controls significantly decreased whereas the release of newly synthesized fibronectin (Table I ) and proteins (data not shown) was not i n f u e n c e d by the duration of intermittent loading. ANOVA revealed that the load duration has no significant effect on the release of these biochemical p a r a m e t e r s (P > 0.05).
Distribution of newly synthesized ([~H]-FN) and endogenous (FN) fibronectin between incubation medium and cartilage matrix as well as the proportion of fibronectin relative to proteins synthesized
CHONDROCYTE VIABILITY
Staining of cartilage sections with propidium iodide and fluorescein diacetate revealed, that intermittent loading damaged the superficial zone 6 days 6 0.07 + 0.06** 14.6 + 3.9** Cartilage explants were intermittently loaded as indicated. The percentage of living cells within the superficial zone are normalized by data obtained from the correspo,~ding unloaded control explants. The degree of compression of loaded explants were determined after 8 h of loading after which the degree of maximum compression remained constant. Data are mean values ± S.D. Statistically significant difference from unloaded control specimens as determined by the Student's two-tailed paired t-test. *0.01 < P < 0.05, **P < 0.00t. of cartilage explants resulting in a decreased amount of living chondrocytes there (Table II) . ANOVA disclosed that the viability of superficial chondrocytes is affected by the duration of loading (P=0.001). This effect was most pronounced in explants loaded for 6 days. The viability of chondrocytes within the intermediate and deep zone was not affected by the applied loads (data not shown).
COMPRESSION OF LOADED CARTILAGE EXPLANTS
As determined after 8 h of loading, the degree of compression of loaded explants increased nonlinearly during the rise of the maximum pressure applied from 0.1 to 1.0 MPa (Table II; ANOVA: P=0.0001). Reducing the duration of unloading from 1000 s to 100 s or 10 s also elevated the maximum strain of cartilage explants (Table II; ANOVA: P < 0.0001). After 8h of loading, the degree of maximum compression remained constant during the entire duration of experiments (data not shown). The standard deviations shown in Table II are in the range of +_5% indicating that loaded cartilage explants, being initially 0.56 ± 0.07 mm (N= 42) thick, are compressed to a similar degree.
Discussion
The present study examined systematically the effects of' the mechanical factors load amplitude, time of intermittence and load duration of mechanical applied pressure on the metabolism of fibronectin by mature articular cartilage explants. We could demonstrate for the first time, that intermittent loading modulate in part the biosynthesis and release of fibronectin by cartilage explants. Previously, fucoidan and TGF-/~ [35] , as well as pharmacological agents such as glycosaminoglycan polysulfate [36] or pentosan polysulfate [35] have been identified as factors able to change the fibronectin metabolism. A key result of this study is that the mechanical factor time of intermittence altered the synthesis and release of fibronectin by cartilage explants significantly, whereas the tested range of load magnitudes, as well as the duration of loading, seem to be of subordinate importance. Previous studies [12, 16] already showed that static mechanical loading and permanent cyclic mechanical loading (0.5 MPa, 0.5 Hz, 2 day-experiment) reduced the fibronectin synthesis depending on the magnitude of load. The concept that mechanical stress on articular cartilage a tissue normally under pressure in vivo, modulates the biosynthesis and retention of certain cartilage components selectively, is in accordance with observations that the synthesis of link proteins was much less affected by static loading than are aggrecan and the small proteoglycans [37] .
Another important finding is that some changes are similar to those observed in human and animal osteoarthritis. These occur in cartilage explants which were cyclically compressed with 0.5 MPa for 10 s followed by a period of unloading lasting 100s. We found that the fibronectin synthesis, the retention of newly synthesized fibronectin within the extracellular matrix of explants, and the portion of newly synthesized proteins being fibronectin was significantly increased in loaded explants when compared with unloaded control discs. Previous studies [18, 19, 24, 25] have shown that changes in abnormal cartilage explants of osteoarthritic joints include a significantly elevated biosynthesis of fibronectin, an increased synthesis of fibronectia relative to total protein synthesis, and a preferem tial retention of newly synthesized fibronectin in the matrix of deteriorating cartilage. According to these findings our results imply, that the chosen loading protocol induced alterations of the fibronectin metabolism which mimic some osteoarthritic features.
Since it is known, that fibronectin mediates the cell-matrix interaction in other tissues after injury, it could be speculated that these chang~ represent a cellular response to mechanically induced cartilage damage in an attempt to stabili~ a weakened extracellular matrix. The study by Sah et al. [38] suggests that intermittent compres, sire loading in vitro results in damage to collagen fibers, whereas Ostendorf et al. [15] report that intermittent loading can induce the expressicm of 3-B-3(-) epitope in cultured bovine articular cartilage explants, apparently a marker of earlS events in the pathogenesis of osteoarthritis. Using vital stains we demonstrate, that under the chos~ loading protocols the articular surface contained a markedly reduced amount of living cells. It is still unknown whether the altered fibronectin metal~ olism ultimately plays a role in the osteoarthrit~ disease process. Homandberg et al. [39] report tha~ intra-articular injection of fibronectin fragmen~ causes severe depletion of cartilage proteoglycar~ in vivo. Fibronectin fragments added to bovine articular cartilage slices in culture enhanced proteinase expression and resulted in degradation and release of proteoglycans [40] . These fragmen~ have been shown to activate gene expression d stromelysin and collagenase in synoviocytes [4tl and in chondrocytes [42] . Recently, it was sho~ that in fibroblasts, intact fibronectin in conjunction with tenascin will also upregulate synthesis of the matrix metalloproteinases stromelysin and collagenase [43] . These actions of fibronectin and its fragments may provide a mechanism for the development of tissue destruction in joint disease. In our experiments, cartilage with elevated fibronectin synthesis did not show any changes in proteoglycan content or release (unpublished data) implying that elevated fibronectin synthesis and proteoglycan loss, both known characteristics of osteoarthritis, are not causally related. However, the time in culture is short relative to the development of the disease in vivo, and studies are in progress to determine whether cartilage explants intermittently loaded for extended time periods will loose proteoglycans ultimately.
The same investigators [18, 19, 25] showed that osteoarthritic cartilage contained significantly more fibronectin than disease-free cartilage, and that this increase is not due to the reduced rate of release of endogenous fibronectin from degenerated cartilage [25] . In our experiments, the rate of endogenous fibronectin release from loaded explants was significantly reduced in all experiments. In addition, a significantly decreased release of newly synthesized proteins was also observed in explants loaded with 0.5 MPa for 10 s followed by an unloading period lasting 100 s. The increased retention of newly synthesized and endogenous fibronectin, as well as of proteins in loaded explants, therefore seems to be related to an impaired diffusion of large protein molecules through the extracellular matrix. Cartilage explants, which were unloaded between each loading cycle for 10 or 100 s were at least twofold more compressed than explants which were unloaded for a longer time. Furthermore, cartilage explants were unable to re-swell to their original volume during the shorter unloading periods, whereas explants unloaded for 1000 s regain approximately 95% of their original weight within 15 min after removal of load (unpublished data) thereby enabling a more normal diffusion of larger molecules.
Since the reduction of endogenous fibronectin release was observed in all loaded explants, and since its magnitude was only dependent from the time of intermittence, our data suggest, that, in addition to the impaired diffusion, the capacity of loaded cartilage matrix to bind this glycoprotein was elevated. Our results are in agreement with previous studies [12, 16] showing that newly synthesized, as well as endogenous fibronectin, is more retained within the extracellular matrix of canine and pig articular cartilage explants loaded mechanically under either static or continuous cyclic conditions.
Although fibronectin synthesis is increased in experiments in which explants were unloaded for 100 s, the total content of fibronectin as found in the cartilage, media and load platen remains the same as in unloaded controls. Whether cartilage explants, cultured for extended time periods under the same mechanical loading protocol, will finally contain elevated amounts of fibronectin within the extracellular matrix, reflecting the measured increased biosynthesis and deposition of newly synthesized fibronectin, remains to be determined. Farquhar et al. [10] could demonstrate that 10 days after intermittently applied impact loading, the fibronectin and water content was markedly increased in canine articular cartilage explants. The cartilage explants were subjected to impacts of as much as 50 MPa once every 5 s for 30 min applying a loading rate of 100 MPa/s. In addition, most explants were visibly damaged by 20 or 50 MPa, and there was subtle evidence of damage from impacts of 5-10 MPa [10] .
Cartilage explants which were loaded for 1 day, unloaded for 10 s or loaded with 1.0 MPa contained less total endogenous fibronectin as determined by ELISA. Even though this technique measures both endogenous and newly synthesized fibronectin, we found a reduced total content of fibronectin which might reflect an elevated turnover of fibronectin. Our experiments showing that increased duration of loading reduced this postulated elevation in fibronectin turnover support this. However, further studies are needed and are in progress to substantiate this hypothesis.
Despite considerable investigations, the exact mechanism, whereby mechanical force is converted to a metabolic response in chondrocytes, remains unclear. It has been proposed that a decrease in pH as a result of compressive strain might be one of the mechanisms responsible for the inhibition of proteoglycan synthesis [1, 2, 11, 44] . Alternatively, the chondrocyte may respond directly to changes in shape via the cytoskeleton, stretch activated or inactivated ion channels, and/or via activating second messenger systems which transduce the mechanical signal into a cellular response [1, 2, [45] [46] [47] [48] . The concept, that mechanical stress on articular cartilage, a tissue under pressure in vivo, is an important regulator of chondrocyte metabolic activities, is generally accepted. With this study some mechanical factors affecting the metabolism of fibronectin similar to that seen in osteoarthritic cartilage have been identified. We intend to further characterize these conditions and optimize a protocol of mechanical induction to achieve a degenerative metabolism and o morphology similar to that seen in osteoarthritic cartilage using initially healthy explants for pharmacological studies.
